Although classifiers/quantifiers (CQs) expressions appear frequently in everyday communications or written documents, they are described neither in classical bilingual paper dictionaries, nor in machine-readable dictionaries. The paper describes a CQs dictionary, edited from the corpus we have annotated, and its usage in the framework of French-Japanese machine translation (MT). CQs treatment in MT often causes problems of lexical ambiguity, polylexical phrase recognition difficulties in analysis and doubtful output in transfer-generation, in particular for distant languages pairs like French and Japanese. Our basic treatment of CQs is to annotate the corpus by UNL-UWs (Universal Networking Language -Universal words) 1 , and then to produce a bilingual or multilingual dictionary of CQs, based on synonymy through identity of UWs.
Introduction
We call CQs (classifiers/quantifiers) words or phrases which are used in some languages to indicate the class of a noun or a nominal phrase, depending upon the type of its referent or upon speaker's observation of the referent, when they appear in quantitative expressions. They denote:
(a) CQs expressing quantity of the referent by counting. Eg. pièce (piece) (in French), �(mai, sheet), � (ten, piece) (in Japanese), cm, gram (b) CQs representing quantity concept, based on speaker's observation or general metonymy. Eg. un brin de (a little), bribes de (scraps of), ������ (hito-tsumami no, a pinch of), ���� (yama-mori no, a pile of).
There are two cases for a CQ: (1) it can belong to only the (a) type or the (b) type, and (2) it can belong at the same time to both the (a) and (b) types. That is because, on the 1 The UNL (Universal Networking Language) project was founded at the Institute of Advanced Studies (IAS) of the United Nations University in Tokyo in April 1996 under the aegis of UNU (United Nations University, Tokyo) and with financial support from ASCII corporation (a Japanese publishing company, 1977 (a Japanese publishing company, -2002 and UNL-IAS. http://www.undl.org/unlsys/unl/unl2005/attribute.htm one hand, there are some CQs that play only the role of classifier or quantifier, and, on the other hand, there are CQs that play both of these roles.
Eg. un brin de paille (a wisp of straw), un brin de folie (a touch of madness) 2 . When we started to deal with CQs expressions in the framework of French-Japanese MT, we met mainly the following difficulties, which were inherent in QCs:
1. Resolution of lexical ambiguity of polysemic nouns Eg. pièce (piece) : (Japanese translation as CQs) �(mai, sheet or ϕ 3 ), � (ten, ϕ), �(tou, ϕ), �(taru, cask), etc.
2. Producing adequate CQs in Japanese when they are absent in French Eg. deux livres (two books) : (Japanese translation) ���� (ni-satsu no hon) ni = two, satsu = ϕ, no = postposition, hon = book, where � (satsu) is one of the Japanese CQs for books, notebooks, albums, etc.
3. Normalization for floating quantifier phenomenon in Japanese 4. Recognition of QC polylexical expressions over the course of corpus development Eg. une pincée de sel (a pinch of salt): (Japanese translation) ������� (hitotsumami no shio) hito = 1, tsumami = pinch, no = of , shio = salt
To handle these linguistic behaviours of CQs in a comprehensive manner, we have adopted the UNL-UWs format for our corpus annotations and dictionary descriptions. Another motivation is the desire to be able to extend this work to many other languages, in the framework of MT based on the passage through the UNL semantic pivot.
In this paper, we first examine the behaviour of CQs and the related problematic issues more concretely, from the point of view of French↔Japanese MT, and then propose a resolution of the above-mentioned problems by extending the UNL-UWs dictionary.
Lexical ambiguity for classifiers/quantifiers
According to our studies on ambiguities for MT, 14% of analysis errors are due to polysemous words 4 [Boitet and Tomokiyo (1995) , Boitet and Tomokiyo (1996) , Tomokiyo and Axtmeyer (1996) ]. Also, Wisniewski et al. (2013) say the most frequent necessary postediting operation in their French corpus translation into English is to correct articles like "les", "le", "du", etc., and the next one concerns lexical transfer errors of polysemous words.
We have also confirmed that, when polysemous words are used in their abstract or figurative meaning in CQs expressions, translation results produced by current MT systems are not at all good, because words contained in CQ phrases are often at the same time polysemous and are used in their figurative meaning.
The following example shows « pincée (pinch, ���, tsumami) » appearing in a quantifier phrase « une pincée de », and used in its figurative meaning. When one looks at the translation outputs produced by free as well as commercial MT systems, it appears that there is a lack of phraseology studies and polysemy disambiguation method for the word « pincée » 5 . I received half a cask of this wine.
������(han-taru) �����������
Dans une pièce de théâtre, il n'y a pas de narrateur pour raconter les faits.
In a play, there is no narrator to tell the facts.
���� (aru-sakuhin)
������������ ���� une pièce de viande a piece of meat ����� (hito-kire)
une pièce de blé a wheat field
Eg. Ajoutez une pincée de sel. ( ������������� (hitotsumami-no shiowo kuwaenasai), Add( �����) a pinch of (������) salt (�).) → (translation outputs) ����� ��������� ������ � ����� �������� ������ � ����� �������� ������ (shio no tsuneri wo kuwaenasai / shio no pinchi wo kuwaenasai / shio no pinchi wo tsuikashimasu) 6 . Even measure words like cm, km, kg, etc. have acronym ambiguity [Mari (2011) ]. Eg. cm ← centimètre, congrégation de la mission, coût marginal, etc.
To disambiguate a polysemic CQ, we describe each of its meanings, with the associated conditions of occurrence, as a UW (contained in our Universal Words dictionary).
In our fr-UW dictionary, the description for the ambiguous word "pièce" is as follows: A UW is a character string of the form "headword(constraint_list)" which represents a concept associated to the headword. For example, "look(agt>thing, equ>search, icl>examine(icl>do, obj>thing))" is a possible UW for the meaning of the verb "look" corresponding to "examine". Other UWs will be used for various meanings of "look" as a noun: appearance (Paul's look(s)), or action (after a quick look,...). The semantic representation of an utterance in UNL is a hypergraph, where each node bears a UW, possibly augmented by semantic attributes, and arcs bear semantic relations from a small list of about 40, like "agt", "obj", "aoj", "ben". In fact, there are three types of UW: restricted UWs, which are formed as said above (headword plus constraint list), extra UWs, which are a special type of restricted UWs, and basic UWs, which are bare headwords, with no constraint list. The syntax for dictionary description is:
The constraint list restricts the interpretation of a UW to a specific concept included within those covered by the Basic UW [Uchida et al. (2006) ], or to a subset of them. Eg. look(agt>thing, equ>search, icl>examine(icl>do, obj>thing)) relever (to season): season(agt>person, obj>dish, icl>action) � (taru, to cask): cask(icl>wine, equ>220 litres)
The semantic relation "agt" denotes that the first actant 9 of "look" is a "thing", "look" belongs to equivalent semantic level in UNL ontology map 10 with "search", and includes the meaning of "examine", "examine" is an action verb and its grammatical object is a noun meaning things. The UNL-lang dictionaries contained, at the moment of writing, 1269421 headwords for Japanese, 520305 headwords for French and 1458686 headwords for English. The semantic attributes consist of 58 labels and semantic relation labels [Uchida et al. (2006) ]. For French-Japanese translation, French words are converted into UWs by using a UNLFrench dictionary, and a UNL-Japanese dictionary is used for generating Japanese translations.
Handling dummy classifiers
A frequent but difficult case appears when a CQ does not appear explicitly in one language of a source-target language pair 11 , nevertheless they are mandatory in type (a) CQ usage, like � (satsu) for counting books, notebooks, albums, etc., � (hiki) for counting small animals, � (dai) for counting cars, bicycles, pianos, computers, etc. Eg.
2 livres (two books) → ���� (ni-satsu no hon) ni = 2, satsu = ϕ, no =ϕ, hon = books un chat (a cat) → ���� (i-ppiki no neko) i = 1, ppiki = ϕ, no = ϕ, neko = cat There is no lexeme in French corresponding to � (satsu), but if � (satsu) is omitted in the translation into Japanese, the sentence doesn't make sense. In order to represent such Japanese sentences in UNL, which is based on English, when these CQs don't exist in English, we create new UWs beginning by "CQ-<romanized Japanese CQ>", followed by a list of some English referent nouns. For example: CQ-satsu-books-notebooks-albums, "CQ-dai-cars-bicycles-computers-pianos" 12 . Absent CQs in French are marked by the attribute "@eld" (elided), which we have added to the original attribute list.
Eg. Description for � (satsu) in Japanese-UW dictionary: � (satsu) (icl>CQ-books, notebooks, albums) Accordingly, the graphs for ���� (two books) is as follows: qua(book(icl>thing).@pl, :01) mod:01(CQ-satsu-books-notebooks-albums(icl>CQ).@entry.@eld, 2) (a) Tentative japanized UNL-graph for "���� (two books )" (b) Tentative frenchized UNL-graph for "deux livres (two books)" 11 This happens not only between Japanese and western languages, but also between French and English: eg. une pièce de blé → a wheat field, une pièce de théâtre → a play 12 At present, new CQs are made by indicating only some modifiable nouns, but this should be completed by labels coming from Mel'chuk's labels in the "Dictionnaire explicatif et combinatoire du français contemporain (DEC)" (1999, Montréal, UdM Press). In the DEC, a word is analyzed from 5 points of view: general morphosyntax, semantics, syntactic combinatorics, lexical co-occurence, phraseology. The analysis of the lexical co-occurences is made by using 60 labels corresponding to as many lexico-semantic functions (FLs) such as Magn, Anti-Magn, Mult, Sing, etc. Magn(X) is "very X", Mult(X) is "a regular quantity of X" and Sing(X) is "a regular quantum of X". Values of FLs are subsets of lexemes, ordered by degree of intensity of the relation. For example, Magn(fever) = {high,̃strong; horse}̃, Mult(fish) = {shoal, school}, and Sing(wine) = {glass, bottle, cask, liter…}.
When possible, we will use these labels instead of the above labels such as "CQ-concrete nouns". Note that it is not possible in cases where two or more Japanese counters corresponding to different measures can apply to the same nominal concept, but don't exist in English: to use only the FL label would lead to a loss of information and to the impossibility of exact translation. Examples: There are two different aspects concerning the floating quantifier behaviour in Japanese [Miyagawa (1989) ].
Firstly, the problem we have encountered in the process of Japanese-French MT, lies in the fact that the Japanese quantifiers can be freely positioned among phrase units in a sentence.
The "Numerical word + CQ + � (no, of) + Noun" type can be split into the CQ phrase and the «Noun» part, in which case a CQ phrase behaves like an adverb before the predicative verb in a sentence. Hence, three types of expressions are possible for the same meaning [Miyagawa (1989) ].
Standardization of a floating CQ position consists in determining the CQ phrase and its host phrase, when they are separated in a sentence. In fact, the floating quantifier phenomenon exists also in French, although its linguistic behaviour is different 13 from the Japanese case. Hence, we need modifiable nouns information for each quantifier in order to find out their host noun phrase.
Secondly, there is a risk of generating meaningless expressions as a Japanese translation outputs in some cases, when the association condition between a floating CQ and its host phrase is not given. For instance, "3kg ��������" (3kg-no kobuta-ga imashita) (There was a 3kg piglet.) is acceptable as a Japanese sentence, but "����������" (kobuta-ga 3kg imashita)* 14 doesn't make sense, because «�� (kobuta, piglet)» means only an alive piglet and co-occurs with "����" (there was), but "3kg" cannot 15 . Hence, to avoid a machine translation output such as "����������" (observed), supplementary information on "��" on the verb "��" (iru, there is, or exists) and on how to use that information is necessary. For that reason, we also use a UNL-jp dictionary, which enables us to describe semantic cooccurence information between words (here, japanese lemmas).
In order to find the host phrase of a floating CQ, that is, to get the same translation results for the sentences which are morphologically different but have the same meaning, 
